Different Human Adenoviruses (HAdV) serotypes are associated with epidemic respiratory infections. The aim of this study was to detect HAdV from patients with respiratory symptoms and typing virus circulating in North of IRAN. Four hundred nasopharyngeal aspirate samples were obtained from patients with respiratory symptoms. Clinical data were collected. After DNA extraction, Polymerase Chain Reaction (PCR) was done for conserved Hexon region. Positive PCR products were used for sequencing grouping. 37 cases (9.2%) were positives. Clinical symptoms as cough (73%), body (67/6%), and fever (64/9%) were found in 35 infected patients (94/5%) and two patients (15/5%) had no symptoms. All samples were belonged to HAdV of species D (HAdV-8). Prevalence of respiratory adenovirus infection in our area is consistent with other studies in Iran and ocular type of HAdV8 was the frequent adenovirus serotype circulating in acute respiratory disease in Golestan province.
cause of disease, which is responsible for 4 million deaths per year. Different factors are involved including respiratory syncytial virus (RSV), influenza virus, parainfluenza virus (PIV), rhinovirus (RV), and human adenovirus (HAdV) [1] .
HAdV is a member of the genus Mastadenovirus including seven A-G species.
Sixty-eight types of Adenovirus have been reported. It has been revealed that species B (serotypes 3 and 7), C (serotypes 1, 2, and 5), and E (serotype 4) are generally associated with respiratory diseases, whereas Adenoviruses in species F and subspecies D are often associated in gastroenteritis and viruses keratoconjunctivitis, respectively [2] .
Mild to acute respiratory illness in humans illustrated by Adenoviruses, as well as a diverse range of clinical symptoms based on the serotype, including gastroenteritis and ocular disease, with or without respiratory involvement. Different receptors dealing with interaction of host and viruses as species A, B, C, E, and F Adenoviruses utilize CD46, DSG-2, or CAR receptors and generally cause respiratory disease in humans, while species D Adenovirus bind to α2-3-linked SA and GD1a glycans and has been associated with epidemic keratoconjunctivitis (EKC) which can progress to hemorrhagic conjunctivitis [3] . A recent study reported that species D can also be isolated in respiratory specimens as a dominant genotype [2] .
However, human Adenovirus associated respiratory tract infection (RTI) is low. Respiratory viral infections represent the most common cause of acute illness. It accounts for 4% -10% cases of pneumonia, 2% -10% cases of bronchiolitis, and 3% -9% cases of croup. Adenovirus infections can occur as epidemic, endemic or sporadic disease. This infection in children is ranged 2% to 14% [4] .
Association of respiratory viruses with human ocular disease are discussed and in vitro and in vivo study about ability of respiratory viruses to use the eye as a portal of entry and primary site of virus replication is highlighted and provides a needed bridge between clinical and laboratory studies of virus tropism [3] .
AdVs serotype D (AdV-D), has shown to cause, in addition to ocular infection, respiratory illness [5] . Nasolacrimal system and receptor-mediated routes both are reported to be involved in AdVs-D respiratory infection. Moreover, cornea, conjunctiva, and nasolacrimal tissues are comprised of α2-3-linked sialic acids (SA) which are similar to those of the trachea, alveolus, bronchus, and bronchiole tissues in abdominal tract [6] . Therefore, it is thought that respiratory viral pathogens are able to infect the ocular system, vice versa. Control and treatment of disease presenting with ocular complications by Adenoviruses, understanding of the relationship between the development of ocular symptoms and respiratory disease is critical. Today has been growing interest in molecular typing adenovirus because clearly those specific serotypes are associated with disease severity [7] . Studying these pathogens in a larger context will be a good approach to understand the public health threat posed by these viruses and how best to prevent and treat complications.
The principal objectives of the present paper were to detect HAdV in NPA specimens from patients with respiratory symptoms and to determine the HAdV types that are circulating in Golestan Province, in North of IRAN.
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Materials and Methods
Clinical Specimen
Clinical samples were part of the sample collection of Reference Center for Influenza (Golestan University of medical science). 400 nasopharyngeal aspirate samples were collected between November 2010 and April 2012 from patients with respiratory symptoms during influenza pandemic. Nasopharyngeal specimens were taken and transferred to the virology laboratory in VTM transport medium (VTM consists of Modified Hank's Balanced Salt Solution supplemented with bovine serum albumin, sucrose, glutamic acid, gelatin, Phenol red and antibiotic with pH 7.3 ± 0.2). Demographic and clinical data were collected (Ethic No. 911103196).
DNA Extraction
Extraction of DNA from 200 µl of clinical specimen performed by using the High Pure Viral Nucleic Acid Extraction Kit (Roche) according to the manufacturer's instruction.
Polymerase Chain Reaction (PCR) Performance
The partial hexon gene was amplified using the primer pair, ADHEXF 5'-CAACACCTAYGASTACATGAA-3' and ADHEXR 5'-KATGG GGTAR AGCA TGTT3'. To amplify a 475 bp fragment of the partial hexon gene [8] .
PCR: PCR was performed in 50 µl volumes containing 1× PCR Buffer (10 mM Tris-HCl [pH 8.3], 50 mM KCl), 2 mM MgCl2, 200 mM each deoxynucleoside triphosphate, 20 pmol of each primer, 2.5 Unit of Taq DNA polymerase [Genet Bio] and 5 µl of DNA template. The reaction was carried out in a thermal cycler (Peqlab) with the following settings: initial denaturation for 5 minutes at 94˚C, followed by 35 cycles of denaturation at 94˚C for 1 min, annealing at 50˚C for 1 min, and extension at 68˚C for 1 min. A final extension at 68˚C for 5 min was also proposed. Standard precautions were taken to prevent PCR contamination. PCR products on 1.5% agarose gels stained by ethidium bromide and visualized under UV trans-illuminator ( Figure 1 ). 
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Data Analysis
All data analyzed by SPSS-16 using T-test and Chi-square analytical tests. Pvalue of less than 0.05 was considered as statistically significant. The sequence data were analyzed using Sequencer software. All sequences were imported to the BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and aligned against the GenBank database. Sequence alignments were built with BioEdit alignment editor software (version 5.0.9; Tom Hall, North Carolina State University) and a phylogenetic dendrogram was constructed using the neighbor-joining method with the MEGA program (Sudhir Kumar, Arizona State University); and the validity of the dendrogram was estimated with 100 bootstrap pseudo-replicates.
Result
Demographic and Clinical Characteristics of Patients
400 nasopharyngeal swabs were processed, 55 (13.8%), 316 (79%) and 29 (7.2%) samples were belonged to the patients younger than 20, between 20 -40, and older than 40 years old, respectively. 31 (7.8%) of samples were males and 369 (92.2%) were females of which, 369 women, 121 (32.8%) cases were pregnant. ARTI symptoms associated with fever, cough, and muscle ache were seen in 247 (61.7%), 299 (74.7%), and 254 (63.5%) patients, respectively. 330 (82.5%) of patients had one symptom at least.
Moreover, 37 cases (9.2%) were infected with adenovirus. In those, clinical symptoms were as follow, cough in 27 (73%), body pain in 25 (67/6%), and fever in 24 cases (64/9%) were found as the most common clinical signs and 35 patients (94/5%) had at least one symptom.
Seasonal distribution pattern of positive cases was showed that 26 cases were belonging to cold season and 11 cases collected from warm season. There was no significant relationship between positive sample and season. None of the patients was undergone antiviral treatment and no significant correlation was found between age, sex, season and positive cases.
Generally, there were no detectable significant differences in the clinical presentation as well as the gender and duration of illness in patients.
PCR Specificity
The identification of positive samples was confirmed by PCR and sequencing. In addition, specificity of primer was confirmed by PCR performance on other non-AdV related viruses.
Sequencing and Phylogenetic Tree Results
All of the positive samples were sequenced (Online Resource 1). Degenerated primers targeting the hexon gene (described Casas and et al.) were able to ampl-N. Javid et al.
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Through a BLAST search with sequences obtained in this study, we found that all samples belonged to HAdV of species D (HAdV-8). One hundred percent of concurrence was acquired with existing GenBank sequences for serotypes 8.
Moreover, a phylogenetic tree was constructed (Figure 2 ) using the sequences obtained in this study and 3 different HAdV reference sequences obtained from GenBank (http://www.ncbi.nlm.nih.gov/Genbank), which corroborated the results obtained using BLAST. 
Discussion
Here, we have detected HAdV in Golestan province in North of Iran, where HAdV-D8 was identified as dominated HAdV type is described.
Genotype 8 of HadV-D is reported to be most prevalent in ocular complications through all season with no differences in susceptibility in male or female [2] [9] . Contrarily, most HadV associated respiratory illness has been in cold months [2] . It is also notable that ocular-related HAdV is more prevalent than young children [2] [10]. Here we have found a peak of infection in the cold season but it was not significant. Additionally, it was found that HAdV-Distribution is normal through either male or female, as well as age.
Human adenoviruses are important causes of respiratory tract infections and are responsible for one third of deaths in children and adults in worldwide [11] .
The identification of HAdV serotypes usually based on cell culture method, which is in turn, relies on neutralization tests or hemagglutinin inhibition of the samples. Although, these methods are time-consuming and depend on enough products of infectious viruses and as a result, are not appropriate for the sensitive and fast identification of HAdV. Identification of HAdV in clinical sample by PCR method has become popular alternative methods that permit sensitive, fast, and accurate molecular detection [12] [13].
A PCR assay, enforceable to clinical sample, was developed that could detect all known serotypes of HAdV with high sensitivity and allow for serotype determination by sequencing of the amplicons. The primer pair selected is based on conserved sequences of the hexon gene [10] .
There are few epidemiological studies of adenovirus infections in IRAN and no information is available on the distribution of serotypes. In total of 400 patients, 37 cases (9.2%) were infected with adenovirus that the frequency was similar to study of Echavaria and his Colleagues in Argentina [14] and that is lower than the frequency of 14.4% and 22% reported by another study from Iran [1] [15] [16] and several parts of the world including Oman (15%), Kenya (14%), Korea (10.3%), Canada (7.73%), Brazil (7.1%), Australia (7.3%), Hung Kong (5.3%), Mejia (5.2%), and China (4.9%) [1] [17] [18] .
In a similar study, Adenovirus serotypes 7 and 3 were most commonly identified serotype in respiratory disease. Prevalent serotype in Brazil was Ad-4, and several parts of the world including Taiwan (Ad-3), USA (Ad-14, Ad-3 and Ad-7), and Canada (Ad-3, Ad-2, Ad-1 and Ad-21, respectively) [17] [18] [19] [20] [21] .
Through a BLAST search with sequences obtained from all amplicons, we determined that all samples (100%) belong to HAdV-8. Nevertheless, serotype 8 of adenovirus doesn't common serotype in respiratory infection.
As it has been known that HadV serotype D was associated with ocular diseases [6] . However, it is believed HadV serotype D is able to, according to same viral receptors in eyes or intestinal epithelium, cause infection [3] . In addition, there are other studies implicating ocular and respiratory tract infections with other viruses [22] . Therefore, respiratory viruses may infect intestinal epithe-liums following primarily ocular infection [3] .
Also samples collection was done in pandemic influenza thus perhaps HAdV-8 was common in during of pandemic influenza in this region. This comprehensive means of typing adenovirus allows public health laboratories to inform their stakeholders on the possibility of new emergent strains, which in turn should allow stakeholders to undertake appropriate infection control and public health steps when these strains arrive in a region. It is evident from this study that sequence-based methodologies for the typing of adenovirus from viral culture materials are an effective means of determining adenovirus serotypes in specific communities and populations.
Epidemiological surveillance of HAdV serotypes will improve our understanding of the global burden of HAdV infection.
Molecular methods were found to be useful for rapid diagnosis of adenovirus infections and it will be important for control and treatment of infection. According to the results of the prevalence of respiratory adenovirus infection is consistent with other studies in Iran and other countries but obtained serotype is different in this region. This study indicates that HAdV8 was the most common adenovirus serotype circulating in acute respiratory disease in the south east of the Caspian Sea between November 2010 and April 2012.
